Purpose Degenerative scoliosis usually begins at menopause and lateral rotatory olisthesis (LRO) might be a triggering factor in the onset of degenerative scoliosis in postmenopausal women. We set out to evaluate the influence of hormone replacement therapy (HRT) on degenerative scoliosis and on LRO. Methods A cross-sectional study was conducted in 146 postmenopausal women: 75 women had received HRT for more than 1 year (HRT [ 1) and 71 women had never received HRT or less than 1 year (HRT \ 1). Scoliotic curve, LRO, sacral slope, lordosis, kyphosis were measured. The excess risk of LRO associated with age, BMI, isometric strength of brachial biceps, bone mineral density, lean mass and HRT was evaluated using a multiple logistic regression model. Results No difference was found in sacral slope, lumbar lordosis or thoracic kyphosis between both groups or in the presence of scoliosis. The prevalence of LRO was significantly lower in HRT[1 than HRT\1 (8 vs. 30%) while the risk was dependent on age, HRT and their interaction. LRO increased with age only in HRT \1 (11% when aged B66 years vs. 39% when aged [66 years, p = 0.013), whereas the prevalence of LRO remained stable in HRT[1.
Introduction
Scoliosis is a skeletal disease involving three-dimensional deformation of the spine leading to pain and disability in adults, thereby reducing mobility and impairing the quality of life of the patients [1, 2] . Scoliosis predominantly affects women, and an increase in prevalence is expected in relation to the ageing population. We and others have shown that scoliosis can be divided into two entities on the basis of its onset profile [3, 4] . Adult idiopathic scoliosis (AIS) occurs in the context of existing scoliosis developed during childhood or adolescence, which might progress after the end of bone maturation, whereas degenerative scoliosis (DS) is developed later in adulthood. In postmenopausal women, it is not possible to discriminate between the two profiles on the basis of clinical and radiological signs alone in the absence of medical history. This means that it is important to identify the early signs leading to the development of degenerative scoliosis.
Multiple factors predispose for degenerative scoliosis, and probably involve genetic, mechanical and biochemical components [5] . One factor, lateral rotatory olisthesis (LRO) also leads to the development of scoliosis, and pain of the spine [4, [6] [7] [8] . Therefore, understanding the factors that contribute to rotatory subluxation could help to identify patients at high risk of degenerative scoliosis and prevent back pain [1, 9] . Metabolic factors, such as oestrogen metabolism, may play a key role in spinal physiology. Although changes in oestrogen status influence the onset and progression of scoliosis, the impact of HRT on the prevalence of scoliosis has not yet been demonstrated [8, [10] [11] [12] [13] . In adolescents, scoliosis is triggered at puberty, and its rate of progression slows at the end of bone maturation. Scoliosis is associated with lower serum oestradiol levels, which is also correlated with oestrogen receptor polymorphism [14] . In adults, it has been suggested that oestrogen deficiency might contribute to the occurrence of degenerative scoliosis, as it is observed mainly in postmenopausal women [4, 15] . Moreover, LRO is triggered by the menopause which, despite the absence of relevant data, suggests that oestradiol could play a role in the onset of scoliosis.
The contribution of bone to the development of scoliosis has been suggested, based on the fact that both bone loss and degenerative lesions are accentuated at the menopause. Bone mineral density (BMD) is low at the hip site in adults with lumbar scoliosis [16] . However, the lumbar BMD is increased in scoliosis, and the increase occurs predominantly on the concave side, due to bone accretion, which probably depends on the mechanical loads applied [17] . The influence of hormonal replacement therapy in oestrogen-dependent tissues and parameters, such as bone and muscle strength, has been studied separately, but the integrated effects of HRT on vertebral static parameters in adult scoliosis remains unknown. In our study we therefore set out to evaluate the role of HRT in degenerative scoliosis and LRO, and to assess the contributing factors that might trigger the development of static spine degeneration.
Methods

Participants
The subjects were all postmenopausal women and were referred to the outpatient clinic of rheumatology for back pain or to investigate the presence of osteoporosis. All the women who menopaused for more than 5 years were asked to participate at the study and most of them accepted. They were all affiliated to an insurance of mid-class workers. Economic status was roughly the same, living in the same district. All subjects underwent a medical examination, and answered questionnaires collecting medical history and treatments. They underwent thoracic and lumbar X-rays, and BMD measurement. They all provided written informed consent prior to their inclusion in the study according to the Declaration of Helsinki. The local ethics committee approved the study (No. 2001/70).
We selected all women who menopaused for more than 5 years. We excluded those who did not have total body bone density measurements and whose X-rays were not good enough to allow the correct measurement of spine indices. Subjects with history of spinal surgery, vertebral fractures and lumbo-sacral transitional vertebrae were rejected. 146 women fulfilled the above criteria for inclusion in this cross-sectional study. Two groups were then constituted according to the use of HRT:
1. 71 subjects who had either never received HRT after the menopause or for a period less than 1 year (HRT \ 1). The treatment was taken for symptoms of the menopause, mainly related to hot flushes, and was stopped few months later when the discomfort disappeared. 2. 75 subjects who had received HRT for at least 1 year after going through the menopause (HRT [ 1) . HRT consisted of transdermal 17b oestradiol (0.75-1.5 mg/ day) and progesterone (100 mg/day) for a mean duration of 8.7 ± 6.1 years (range 1-25 years).
Data sources
X-ray techniques
Coronal and lateral X-rays of thoracic and lumbar spine were performed in a standardized position for all patients. They were carried out with the patient standing 1 m away from the source. Thoracic radiographs were considered to be valid when T4-T12 were clearly visualized, while lumbar radiographs had to include T11 to sacrum.
Measurement of spinal indices
Spinal parameters were measured in the thoracic and lumbar radiographs by two experienced readers in blinded manner. The inter-reader concordance of measurements (expressed through an intra-class correlation coefficient) was 0.69 for kyphosis, 0.87 for lordosis and 0.93 for sacral slope.
• Angle of sacral slope: measurement of the angle between the sacral plate and the horizontal plane.
• Lumbar lordosis is the angle formed between sacral plate and the upper plate of the vertebra with the greatest horizontal slope.
• Thoracic kyphosis (maximum kyphosis) is the angle between the upper plate of T4 and the lower plate of the vertebra with the greatest horizontal slope. • Cobb's angle was measured in coronal X-rays as the angle between the two most tilted vertebrae of the scoliosis curves.
• Scoliosis was defined as a Cobb angle [10°and vertebral rotation C5°using Perdriolle's method ( Fig. 1 ).
• Rotatory lateral olisthesis (LRO) was defined as the presence of lateral olisthesis of two adjacent vertebrae in the frontal plain X-rays ( Fig. 2 ).
BMD and soft tissue body composition measurements
All the patients had a bone density measurement. Dualenergy X-ray absorptiometry (DEXA) (DPX-L, Lunar Corp., Madison, WI) was used to measure soft tissue body composition, and total and regional BMD. Scans were analysed with the manufacturer's software. The scanner was calibrated daily using the standard calibration phantom supplied by the manufacturer. The coefficient of variation on the standard phantom was \1%. The total body acquisition mode yielded fat mass, lean mass and total BMD. Fat mass was expressed in terms of weight (g) and as a percentage of soft tissue body composition, lean mass was expressed in terms of weight (g), and BMD was expressed as weight/area (g/cm 2 ). The BMD of the lumbar spine L2-4 and the non-dominant femoral sites were also measured independently.
Muscle strength test
A standard testing position was used for all subjects. They were instructed to sit upright in a chair with back support. The isometric strength of the biceps was tested by the maximum force the subject could pull to a flexion position of 90°. The results were expressed in kilograms (kg).
Statistical analysis
Participants were compared according to whether they had long-term HRT ([1) or had not received HRT or less than 1 year (\1) on the one hand, and the presence or absence of LRO on the other. Quantitative results (demographic, static and profile parameters) were expressed as mean ± SD, and the means were compared using a test of analysis of variance (Anova). Qualitative results (whether HRT had or had not been administered, the presence or absence of LRO, the presence or absence of scoliosis) were expressed as percentages, and frequencies were compared using Fisher's exact test and Chi-squared test. All tests were two-sided. The level of significance was set to a p \0.05. After performing independent multiple comparisons, we calculated an experiment-wise error rate.
A multiple logistic regression model performed with the generalized linear model function (GLM) [18] was assessed in order to calculate the excess risk of LRO associated with specific clinical characteristics. We evaluated the LRO (adjusted for age, as a continuous response datum) as a function of HRT status (included as a binary variable) and muscle strength, total body lean and fat mass, and total body BMD (included as quantitative variables). As these quantitative variables were age-dependent, we first constructed a linear regression model for each of them according to age, and included residuals in the logistic regression model. The model included the individual factors and their pairwise combined effects (first-order interaction terms). To select the best minimal subset of explanatory variables to include in the logistic regression model, we conducted a stepwise model selection regression method. Variables were included in the final model if the p value was \0.10. Diagnostic tests were performed to detect non-normality and outliers. The best-fitting and less complex subsets of factors were selected using the lack-of-fit technique, which compares the maximum likelihood observed in two nested models. The comparison was assessed by the likelihood ratio test.
Because LRO predominantly affects the lumbar spine, a further logistic regression model was applied which included the BMD at the lumbar spine. In this model, the excess risk of LRO was determined by considering LRO as a function of HRT status and age, muscle strength, lean mass, fat mass and lumbar spine BMD (included as residuals resulting from linear regression models, in which age was the dependent variable).
Statistical analysis was performed using S-PLUS 6.1 software program for Windows (S-PLUS 6 for Windows, Insightful Corporation, Seattle, WA). Table 1 shows the demographic and clinical characteristics of the population. There were no significant differences in (Table 1) showed that there was no significant difference in terms of sacral slope (p = 0.10), lumbar lordosis (p = 0.08) or thoracic kyphosis (p = 0.82). In the whole population, 47 women presented scoliosis, with a comparable prevalence in HRT [1 (25%) and HRT \1 (39%) (Fisher's exact test: p = 0.09). Scoliosis was present in 28% of women aged below 66 years and in 38% in women aged above 66 years. In contrast, 27 women had LRO, and in these women there was a significant difference in the distribution of HRT status (p \ 0.001), LRO being present in 8% of HRT [1 women (n = 6), but in 30% of HRT \1 women (n = 21). As independent comparisons were done at the 0.05 level, the experiment-wise error rate was 0.23 (i.e. the probability that at least one of them would result in a Type I error).
Results
We then compared the demographic, and radiological parameters, and HRT status factor in subjects without or with LRO (Table 2 ). Univariate analysis showed that except for age and HRT status, there were no significant differences between women with or without LRO for any of the other parameters. However, the Z-score at the lumbar spine was higher in the presence of LRO than in its absence (p = 0.05).
In order to evaluate the excess risk of LRO associated with the demographic and HRT status parameters, we used a multiple logistic regression model with stepwise model selection. This confirmed that only age and HRT had to be included in the final model. After comparing two nested designs [i.e. the model including an interaction (HRT status 9 age) vs. the simplest model without interaction], we found that both age and HRT status had dependent effects on the prevalence of LRO (p \ 0.10 for age, HRT status and their interaction term, as described in the statistical methods for the selection of the stepwise model). However, LRO increased with age only in HRT \1 subjects (mean Table 2 Comparison of demographic and radiological factors and HRT status in the women without lateral rotatory olisthesis (n = 119) and those with lateral rotatory olisthesis (n = 27)
Without LRO (n = 119) (mean ± SD)
With LRO (n = 27) (mean ± SD) population study age B66 years, 11%; [66 years, 39%; p = 0.013), whereas in HRT[1 subjects, the prevalence of LRO remained stable (B66 years, 9%; [66 years, 4%; p = 0.43). When women aged B66 years were used as the reference group (whatever the HRT used), the odds-ratio of having LRO in HRT \1 over 66 years of age was significantly increased (5, 95% CI 1.4-18.4, p = 0.01), whereas the odds-ratio of LRO in HRT[1 over 66 years of age was not significantly different (0.4, 95% CI 0.05-4.2, p = 0.45) (Fig. 3) . Although lumbar spine BMD was not significantly different in the univariate analysis between women with LRO and those without it (p = 0.08), we included this variable in the complete logistic regression model. After a parsimonious selection of variables by stepwise model selection, only HRT status, age and lumbar spine BMD were included in the final model (Table 3 ). Figure 4 shows that the risk of presenting LRO in HRT [1 women was significantly lower than that in HRT\1 women (0.43, 95% CI 0.23-0.81, p = 0.006), after an adjustment for age and lumbar spine BMD.
Discussion
In this cross-sectional study, we found that the prevalence of scoliosis was similar in women who had or had not received HRT. These results could indicate that HRT did not provide any protection against scoliosis. However, the presence of idiopathic scoliosis cannot be eliminated in the absence of previous X-rays. In post-menopausal adults, a spinal X-ray at a given time point does not discriminate between idiopathic and degenerative scoliosis, because the scoliosis observed could have developed before the menopause and this method is not appropriate for testing the effectiveness of hormone replacement therapy. In this retrospective study, the presence of LRO was markedly lower in women who had received HRT for at least 1 year (HRT [ 1). When women with or without LRO were compared, those with LRO were slightly older, and their HRT status was significantly lower than that of women without LRO, while characteristics such as fat and lean mass and muscle strength were the same in the two groups. These data strongly suggest that HRT might provide some protection against LRO. Previous studies have shown that LRO is an early sign of degenerative alignment of the spine, and LRO triggers degenerative scoliosis with a small Cobb angle [4, 6, 8] . The lack of HRT might therefore precipitate the onset of LRO, which in turn could lead to the development of scoliosis, whereas HRT might reduce this risk. Moreover, the prevention of LRO as the first event in the development of scoliosis may be valuable not only for preventing scoliosis itself, but also for reducing lumbar back pain, as it has been shown that severe lateral olisthesis resulted in back pain and a lower quality of life [1, 9, 13, 19, 20] . We found that age is another risk factor for LRO. In the absence of HRT, a significantly higher risk is observed above the age of 66 years, while HRT reduces the risk of LRO regardless of age. Indeed, age might actually be an additional contributing factor for LRO in the absence of HRT. Other factors could have also influenced the development of LRO such as genetic determinants [5, 21] and intervertebral disc degeneration [22] which could be itself influenced by HRT as well as mechanical factors [23] .
In order to investigate all the factors associated with LRO, we used a multivariate analysis including age, HRT status, as well as the factors which might be influenced by oestrogens, such as BMD, lean and fat mass, and muscle strength. BMD at the lumbar spine was included in the model because LRO is located at the mean lumbar vertebrae L3 or L4, as previously observed [14] . We found that age and HRT status were major determinants of LRO as well as of BMD at the lumbar spine, but not of the other parameters. Although higher BMD is expected in women with scoliosis, because of bone accretion secondary to the mechanical loading, we cannot exclude the contribution of bone to further mediating rotatory olisthesis. Oestrogens impact on several tissues that are responsible for the alignment of the spine as oestrogen receptors are expressed in many tissues. Various structural factors might be implicated, such as degenerative discs, facet-joint osteoarthritis, as well as ligaments and muscles [24, 25] . Oestrogens probably have anabolic effects on the muscles and ligaments of the spine. Oestrogen deficiency may induce lower mechanical resistance in spinal ligaments, and enthesis, which may play a role in muscle strength. HRT preserves muscle strength in postmenopausal women [24] [25] [26] [27] [28] [29] , and this is higher during the luteal phase [30] . HRT maintains the power output to a greater extent than isometric strength in postmenopausal women [31] . Using axial CT scans of the mid-thigh, Taaffe [32] showed that HRT preserves or improves skeletal muscle attenuation in early postmenopausal women, and has a positive effect on muscle performance. In our study, we did not observe any difference in muscle strength related to HRT, but our measurements were done at the biceps, which might not reflect muscle strength in the trunk.
The role played by bone in the onset of LRO has not been demonstrated so far, but it has recently been suggested that bone may contribute to scoliosis. Scoliosis is more frequent in osteoporotic patients than in osteopenic patients [16] . Lumbar bone loss was still observed in scoliotic patients below 60 years of age, and deformity worsened after HRT withdrawal, but not when bisphosphonates were used [17] . Mechanical strains transmitted to the bone might regulate bone turnover and modulate BMD. Therefore, high BMD might contribute to the development of LRO, rather than simply being a consequence. Nevertheless, our logistic regression model shows that after adjustment for age and BMD at the lumbar spine, the risk of having LRO is significantly lower in women with HRT [1 status, indicating that age and HRT status are the main factors involved. These effects further raise the question of the potential action of oestrogen receptor agonists in the development of LRO and of degenerative scoliosis.
In conclusion, we have shown that age and the absence of HRT are the main factors influencing LRO. The mechanical competence of oestrogen target tissues may contribute to the development of LRO, and may promote degenerative scoliosis. These findings shed a new light on the pathogenesis of spinal deformities. Other studies may be conducted in order to evaluate the contribution of oestrogens or of oestrogen receptor agonists in static indices of the spine.
